2 low-cost carriers (e.g; Norwegian) to the long-haul market or the increasing presence of airlines from North America and Asia in European airports.
These trends may imply that cities with mid-size airports take benefit from the globalization through the increased connectivity with the rest of the world. However, such cities are generally well connected by means of frequent flights (and usually low fares) to the big hub airports. Thus, they may take benefit from global connections through hub airports as well. Looking at data from Official Airlines Guide (OAG) for mid-size European cities, we can observe that the amount of traffic to distant cities may be very high even without having non-stop flights. While the advantages of non-stop flights in relation to connecting flights are clear in terms of convenience and the time spend on the trip, the new offer of non-stop flights may just lead to a change from connecting to non-stop traffic and do not imply necessarily a relevant generation of additional traffic.
Furthermore, it is not clear whether non-stop flights are going to lead to cheaper flights.
In this paper, we examine the impact of non-stop long-haul flights on the connectivity of cities taking advantage of the variation in the supply of non-stop long-haul flights from European cities with mid-size airports. In this regard, we use total air passenger flows from European cities to large urban areas from the rest of the world.
We estimate a model that quantifies that impact on traffic flows and fares in inter-city markets using data that account for the true origin and destination of passengers. In particular, we examine the causal relationship between the number of non-stop flights, on the one side, and traffic flows and fares on the other side. Furthermore, we examine the change in total traffic and fares with the shift from 'not having' to 'having' non-stop flights. As controls, we include population and income of endpoints of the route, city-pair and time fixed effects.
A major econometric challenge in this analysis is the potential endogeneity bias of the variable for the number of non-stop flights; to deal with this issue we apply a matching procedure to have a sample with comparable routes in terms of traffic and we run regressions using the instrumental variables technique. Our instruments are based on the supply of flights of the destination cities to Europe or to all over the world.
Various studies have undertaken empirical analyses about the economic impact of air traffic. The traditional approach is to examine the causal relationship between some aggregated indicator of airport size and measures of urban or regional economic performance, such as, employment, income or number of firms. Here, we can mention some studies using samples of U.S. urban areas (Bilotkach, 2015; Brueckner, 2003; Green, 2007; Sheard, 2014) , European regions (Albalate and Fageda, 2016; Bel and Fageda, 2008) or individual European countries like Italy (Percoco, 2010; 3 Cattane et al., 2016) . A major shortcoming of these studies is that the economic effect of air services is related primarily to enhanced connections to specific destinations. Indeed, air transportation may have different economic effects on its urban area or region. An expanding airport might increase the number of employees directly or indirectly or, alternatively, increase the number of tourists. Additionally, air traffic can facilitate face-to-face contacts thus facilitating the delivery of tradable services, tourism flows and increasing the attractiveness for business investment. This latter effect can be captured most appropriately by referring to bilateral air traffic data.
In this regard, some recent studies that use bilateral air traffic data are more related with this paper. Giroud (2012) uses data from the U.S. manufacturing sector to show that new airline routes bring about an increase in investments within firms and an increase in a plant's total factor productivity, while Hovhannisyan and Keller (2015) report a significant positive impact of U.S. business travel to foreign countries on patenting rates. Fageda (forthcoming) shows that -using data for Barcelona to the rest of the world -the availability of non-stop flights offered at a sufficient frequency increases the amount of foreign direct investments. Finally, Alderighi and Gaggero (2017) shows that air transport services positively affect the export of Italian manufacturers.
Previous studies using bilateral air traffic data analyze the causal relationship between some measure of the economic links between cities (investments, trade, patenting rates) and the supply of non-stop flights. In this paper, we have available data on the total number passengers and the fares that they paid in inter-city pair links including those passengers that make several stops to reach their final destination. Furthermore, we focus on intercontinental inter-city markets so that aviation is the only feasible mean to connect these cities and connecting flights are viable substitutes for non-stop flights. Hence, we can use these data to have a global measure of the economic and social links between the considered cities including business trips, trips for leisure and visiting friends and relatives which account for tourism and immigration flows and even the trade of high-added value products in relation to their weight as they are usually moved in commercial flights for passengers. Furthermore, these previous studies focus on United States or an individual European country or urban area, while here we examine the global connections of a sample of many European cities. In this regard, we provide fresh insights about the air connectivity of mid-size cities. Finally, we apply a novel approach to deal with the potential endogeneity bias of the supply of non-stop flights.
The rest of this paper is organized as follows. In the next section, we detail the sample used and provide relevant information about the data used in the empirical analysis. Then, we explain the empirical equation that we estimate and discuss some econometric issues that we must address. In 4 the following section, we show the results of the econometric estimates. The last section is devoted to the concluding remarks.
Data
Our aim is to examine the impact of non-stop long haul flights on the connectivity of European cities. We restrict our sample of cities to be able to build a feasible dataset with sufficient variation in the supply of non-stop long-haul flights. Hence, we focus on cities that are able to generate a high amount of traffic to many intercontinental destinations but excluding those with the biggest airports that have high levels of intercontinental connectivity.
Hence, our sample of European cities has mid-size airports. We include cities with airports having more than 10 million passengers excluding the main hubs. By main hubs, we mean airports with more than 50 million passengers (Amsterdam, Frankfurt, Istanbul, London, Madrid, Moscow, Paris, Rome). We also exclude tourist destinations like islands in the south of Europe as our focus is on inter-city links. Overall, we have 32 cities for which we can generally make the distinction between large cities from big countries (eg; Ankara, Barcelona, Lyon, Manchester, Milan, Munich, San Petersburg) and the main city of small countries (e.g; Athens, Brussels, Budapest, Dublin, Lisbon, Stockholm). The European cities in our sample have more than one million inhabitants with the exception of Dusseldorf, Edinburg, Geneva and Stuttgart that have more than five hundred thousand inhabitants. To this regard, note that differences in the quality of passenger transportation networks across major cities in Europe are mainly related to the availability of direct intercontinental flights as they are well connected through a dense network of highways, trains and short-haul flights.
Regarding non-European cities, we include cities that have the largest airports in different geographical areas; Africa, East and South of Asia, Latin America and the Caribbean, Middle-East and North America. We do not consider cities in nearby areas like North of Africa or Central Asia because our focus is on long-haul flights. From the Middle East, we only include Abu Dhabi, Doha and Dubai given their leading position in air traffic flows between Europe and Asia and the fact that distance is more than 4,000 kilometers in links to most of European cities of our sample.
Furthermore, we do not consider cities from Oceania because non-stop flights to Europe were not technically viable in the considered period. Overall, the 74 non-European cities have more than one million inhabitants (except Doha) and most of them more than two million inhabitants. Table 1 indicates the cities included in our sample. Obviously, there is a strong correlation between the total number of passengers and the total number of flights across city-pair markets. In fact, this is the main challenge of our empirical analysis. However, the number of connecting passengers in long-haul links may be high. Even with non-stop services, connecting passengers may still represent an important proportion of the total air market (see data below).
Looking at the last quarter of 2016, we may find thin routes with non-stop air services and thick routes without direct services. Indeed, some routes with less than 1,000 passengers (including nonstop and connecting passengers) have non-stop air services like for example Cologne-Boston, Helsinki-Chicago, Brussels-Luanda, Helsinki-Guangzhou, Lisbon-Philadelphia, Oslo-Doha, or Edinburg-Chicago. In contrast, if we look at the city pair markets within the 10% densest in our sample (more than 5,800 passengers) we have that 53 out of 219 routes do not have direct services. This is the case, for example, for Dusseldorf-Shanghai, Milan-Manila, Geneva-Bangkok, ViennaTokyo, Budapest-Nova York, Barcelona-Mexico, Berlin-Bangkok, Barcelona-Tokyo, ManchesterBangkok or Barcelona-Seoul.
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Fares data refer to bookings made by Global Distribution systems. Bookings made directly with an airline are excluded from the MIDT dataset. According to the numbers provided by OAG officials, our fare data represent around half of total bookings when low-cost airlines are not operating in the route. Such percentage is lower when low-cost airlines are present in the city pair as many of them do not report MIDT data. This is a limitation of our fare data that must be taken into account although in many of the city pairs for which we are concerned, network airlines rather than low-cost airlines are providing services. Note that our fare data refer to the one-way link. RDC aviation provides data on the supply side including the total number of non-stop flights provided in city-pair markets.
As controls, we include population and the gross national income per capita of both endpoints of the route. The data for population are expressed at the urban level and the information comes from the United Nations (World Urbanization Prospects), while for income is at the country level and it comes from the World Bank (World Development Indicators).
We have 2250 routes that sum about 64,000 observations. 191 of these routes have non-stop services in all periods, and 37 have it in discontinued periods. Furthermore, we have 116 new routes with non-stop air services. By new routes we mean that scheduled non-stop air services have been initiated after the first quarter of 2010. 3 The rest of potential city-pair markets do not have non-stop air services in the whole period but they still may have a lot of (connecting) traffic. By scheduled non-stop air services, we mean to provide at least one flight per week. Table 2 shows data for variables of traffic, flights and fares to have preliminary evidence of the impact of new non-stop air services. In this regard, we focus in this table on a sample of new routes (routes with non-stop air services after the initial period) and we apply mean-tests to examine the differences before and after having non-stop flights. The availability of non-stop flights seems to lead to double the total traffic of the city-pair. Furthermore, there is a reduction in the amount of connecting traffic. Thus, two effects are taken place; a substitution effect from connecting to nonstop traffic, and additional traffic generated by the new air services. The amount of connecting traffic is still relevant after having non-stop services (about one third of total traffic). It is also remarkable that, on average, new air services are provided with high frequencies (close to a daily flight). So the change may be big, from no services at all to a daily service. Finally, we do not find significant differences in fares. An additional issue to consider is that we may find some very dense routes in terms of traffic before direct flights are in place. This is for example the case of the city-pairs Milan-Delhi, DublinSan Francisco, Copenhagen-Los Angeles, Manchester-Hong Kong, Dublin-Los Angeles or Brussels-Tokyo. Otherwise, we may find very thin routes before the arrival of non-stop flights where most of traffic is non-stop once the direct services are in place. This is the case of BrusselsSanto Domingo, Dusseldorf-Abu Dhabi, Warsaw-Doha, Edinburg-Doha, Cologne-Bangkok or Helsinki-Guangzhou. We may also find initial periods with non-stop services in 2010, 2016 or in the middle of the period.
In spite of the diversity of routes included in table 3, we can observe that direct flights usually lead to increases in traffic of double or more. Such substantial increase is taking place for city-pair markets with different previous traffic levels, different geographical areas or different initial 8 periods. It is more difficult to find a regular pattern for fares; in some cases, there are substantial fare reductions, in others no significant changes and still in others remarkable increases. Note: The numbers are mean values before and after the city-pair is operated with regular air services (at least one flight per week)
Empirical Strategy
Our empirical model is based on the logics of gravity models where air passenger flows between two cities depend on the economic and demographic size of each city and on the distance between them (Zhang, Lin and Zhang, 2017) .We also assume that fares are related with demand shifters (the economic and demographic size of the two cities) and a cost shifter as it is distance. However, the effect of distance (along with other time-invariant unobserved variables) is captured by city-pair fixed effects. Taking this into account, the essential variable in our analysis -an indicator for the provision of long-haul flights -may capture a reduction in the time spend on the trip, a more convenient service and different monetary costs. In this regard, we estimate the following model for the city-pair k in period t: Ykt = α + β1Air_serviceskt +β2Pop_originkt+ β3Pop_destinationkt + β4GNIpc_originkt+ β5GNIpc_destinationkt + γ'route + η'year + ν'quarter + εakt (1) where the dependent variable, Y, are the total number of passengers (including non-stop and connecting traffic) or the mean fares weighted by traffic. As explanatory variables, we include an indicator of the supply of air services that may be the total number of non-stop flights or a dummy variable that takes a value of 1 when the route has air services. We consider that a route has air services when there is at least one non-stop flight per week. As controls, we include the population and gross national income of origin and destination cities.
The data used present a panel structure so that we need to use the techniques typically applied within the framework of panel data models. In this regard, a clear advantage of the city-pair fixed effects model is that it allows us to control for omitted variables that are correlated with the variables of interest and which do not change over time (Verbeek, 2000) . The city-pair fixed effects model focuses on the within variation of data so that it controls for the effect of time invariant variables like the distance in the non-stop link. Furthermore, we add year dummies to control for yearly shocks that are common to all routes and quarter dummies to control for seasonal effects.
All continuous variables are expressed in logarithms except the variable for the number of nonstop flights. Note that 87% of observations have 0 values so that the use of logarithms would imply to lose a very high amount of (and essential) information. For the total number of passengers, 0.1% of observations have 0 values so that the use of logarithms implies to lose very few observations (93). In gravity models, it is usual to express the continuous variables in logs so that we prefer to keep the logs as long as it is possible.
The main variable of the analysis is that for the non-stop flights. We may expect that the total number of passengers will be higher in city-pairs with non-stop air services. Less clear is the effect of this variable on fares.
The variable of non-stop flights should capture a reduction in travel time between the origin and destination cities. In this regard, travel time can be broken down into in-vehicle time; waiting time, which is calculated as the difference between the actual and real time of departure; and, access time from the infrastructure. 4 In the case of air transportation, another relevant component of the time costs is layover time, which affects flights that include a stop; the layover time includes the transfer time from one plane to another and the time waiting at the terminal for the connection. Hence, the availability of non-stop flights should imply a redistribution of traffic from connecting to local traffic, but it also may imply to generate new traffic. That is, some potential travelers that before do not flight, now they flight. Here we do not have as outside option to travel with another transportation mode. Thus, we may have a quality and a quantity effect.
Regarding fares, several effects with different sign may take place simultaneously. First, the cost of the non-stop trip for airlines is lower than connecting the cities with two flights (or more) and connecting flights imply longer itineraries. Furthermore, more flights may be associated with more opportunities to generate traffic and hence to exploit density economies or they may be associated with more competition as long as more than one airline is providing services. So we could expect that non-stop flights reduce fares. However, the availability of non-stop flights imply to offer the flight with a higher quality due to the time reduction mentioned above and airlines offering nonstop flights may have some market power given that connecting flights are imperfect substitutes.
Furthermore, we do not have available information on the proportion of the different fare classes which is a limitation of our fare data. It may be the case that the proportion of business passengers with high-order fare classes is higher for new passengers in non-stop flights given that the sensitivity to time of business passengers is very high. In any case, it is not clear whether the cost effect overcome the quality/market power effect.
An important econometric challenge is the potential simultaneous determination of demand (passengers) and supply (fares, flights). To deal with this problem, we apply two complementary procedures. First, we apply a matching procedure and we re-estimate equation 1 with the observations that have common support.
Matching procedures eliminate the possible bias by pairing observations in the treated city-pairs (with non-stop air services) and control city-pairs (without direct flights) having similar characteristics. In our context, we consider as the key characteristic the total traffic of passengers so that in the matching analysis we pair treated with control observations having similar levels of traffic in the initial period. Following Rosenbaum and Rubin (1983) , we first estimate the probability of being treated conditional on the pre-existing characteristic that differ between groups (total traffic) with a logistic model, obtaining the propensity score for each observation. In a second step, we match the observations in the treated and control groups with respect to the propensity score using the first nearest neighbour algorithm. This algorithm matches treated observations with the control that has the closest propensity score. Then, we drop all the observations without common support and re-estimate equation 1.
Furthermore, in the matching sample, we apply an instrumental variables procedure. We use two alternative instruments. First, we use the total number of flights from the non-European city to European airports excluding the corresponding endpoint of the route. Hence, for example, in the link Brussels-Chicago we consider the total flights from Chicago to Europe (excluding Brussels).
And second, we use the total number of flights of the airports of the Non-European city. Following the same example, we use the total number of flights of Chicago airports (excluding flights to Brussels).
Finally, the estimates may present heteroscedasticity and temporal and cross-sectional autocorrelation problems. We apply the Breusch-Pagan/Cook-Weisberg test for heteroscedasticity and the Wooldridge test for autocorrelation in panel data. Both tests show that we may have a problem of heteroscedasticity (in some regressions) and autocorrelation, which must be addressed.
Hence, the standard errors are robust to heteroscedasticity. Following Bertrand et al. (2004) , we allow for an arbitrary variance-covariance structure by computing the standard errors in clusters by city-pair to correct for autocorrelation in the error term both at the cross-sectional and temporal levels. Table 6 shows the results of the equation that considers the total number of passengers as dependent variable. We find a significant increase of traffic when the number of non-stop flights is higher. However, the magnitude of the effect differs for the different regressions. When we consider the whole sample, the traffic increase is about 7 percent. This number increases to 17 percent when we consider the matching sample. Finally, the traffic increase is about 30-45 percent when we apply an instrumental variables procedure on the matching sample. Note that both instruments pass the under-identification and over-identification tests although the instrument that is based on the flights from the destination city to Europe is stronger (according to the partial R 2 of the first stage). In any case, the traffic increase associated with more frequencies is substantial and the potential bias of the simultaneous determination between traffic and flights seems to sub-estimate the real effect.
Estimation and results
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When we consider the dummy variable for scheduled non-stop air services, we exclude the observations for city-pairs that have always direct flights or have them at the beginning of the period (this is also done in the fare equation). Hence, we can isolate more clearly the impact of the change from not having to having non-stop air services. Taking this into account, the traffic increase is very high. The traffic increase is about 60 percent for the whole and matching samples.
When we use an instrumental variables procedure, the traffic increase is more than 100 per cent.
The instruments pass the tests but it seems advisable to trust more on the stronger instrument.
Recall that the descriptive statistics suggest that the total traffic between the city pairs may more than double when non-stop flights are available as it is suggested in the estimations that apply both matching and instrumental variables. Table 7 shows the results of the equation that considers the mean weighted fares as dependent variable. Regarding the relationship between fares and flights, we find a negative relationship although it is only statistically significant when we use the whole sample. The magnitude of the effect is in general high but it varies a lot across the regressions. It ranges from 7 percent in the estimation with the matching sample to 46-48 percent in the estimation with the whole sample or with the matching sample using the stronger instrument. Probably, the estimation for about 45 per cent is the most reliable. Thus, our results suggest that we may have a strong mean effect of nonstop flights on fares but the standard deviation (dispersion) is even higher.
When we consider the dummy variable for scheduled non-stop air services, we also find a negative effect but it is only relatively high in the estimation using instrumental variables with the weaker instrument (but not statistically significant). Overall, we do not find a substantial effect from the change to have non-stop flights, while it seems that the relationship between fares and frequencies is relevant although not statistically significant. This suggests that enjoying low fares with non-stop flights it requires achieving high frequencies. High frequencies may imply that airlines have been able to exploit density economies derived from channeling many passengers.
Furthermore, high frequencies may be related with airline competition taking into account that most of the non-stop links are offered by just one airline (or as much two). procedure. Note that the instrumental variables procedure is applied here in a sample with few observations. For Africa, we do not find evidence of positive effects but this may be related with the few city-pairs with direct services. Regarding fares, we do not find a regular pattern as results vary depending on the regression.
Overall, our results suggest a high increase of traffic due to the availability of non-stop flights.
Such increase may be explained by the increased quality derived from less time spent on the trip and less inconvenience associated with connections. Furthermore, the better quality of non-stop flights does not lead to higher fares (in fact it seems that even may lead to lower fares). So, we find clear evidence of a positive and strong effect of non-stop flights on the global connectivity of cities. Notes: Standard errors in parentheses (robust to heteroscedasticity and clustered by route). Statistical significance at 1% (***), 5% (**), 10% (*). IV-1 (sample, IV-2 .all) Notes: Standard errors in parentheses (robust to heteroscedasticity and clustered by route). Statistical significance at 1% (***), 5% (**), 10% (*).
Concluding remarks
In this paper, we have shown the strong causal relationship between the amount of total traffic and the supply of non-stop long-haul flights. Furthermore, such increase in the amount of traffic does not seem to be related with a systematic change in fares. Thus, the traffic increase may be related with an increase of quality.
Our results have been obtained in a context where connecting flights could be potentially competitive in relation to non-stop flights; our sample includes as origin
European cities well connected with the main hubs and as destination distant cities from the rest of the world.
In spite of this substantial impact on traffic, our data shows that many inter-city markets are not connected with non-stop flights although they have close relationships as suggested by their dense traffic levels. This suggests that the interests of airlines may not be coincident with those of cities. Airlines may prefer to operate in a few airports to save costs although it may also be the case that the airline market is imperfect in the sense that some profitable flights are not been offered.
As we mention in the introduction, some market forces has already enhanced the connectivity of mid-size cities; congestion at hub airports, technological and managerial innovation associated with new aircraft models and low-cost carriers and globalization in the airline market.
Given the strong impact of non-stop flights on the economic and social links between cities, it may be advisable to promote airport policies to attract airlines that are willing to offer them. The tools available for airport managers include lowering charges, increasing capacity, allocate to interested airlines the best gates and check-in desks, engage in marketing initiatives of the cities. Results of our analysis suggest that it could be advisable to promote liberalization policies.
Our analysis also suggests potential negative externalities associated with the concentration of traffic in main hubs, aside of the well-know externality associated with congestion. Such negative externality has to do with the loss of direct connectivity of mid-size cities and the associated loss of economic links with other cities. However, this 18 does not mean that our paper justifies the public intervention to promote de-hubbing strategies by airlines. A project for future research could be to investigate this issue.
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